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In the last decade, several papers have been published, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] in which simple models of associating fluids have been studied using the two-density version of the integral equation theory developed by Wertheim 17 and extended by others. 3, 18 In the most of these studies the part of the interaction responsible for association, is modeled by the Baxter sticky potential. 19 In combination with the hardsphere potential for the nonassociating part of the interaction, these models permit analytical solution of the PercusYevick-like ͑PY͒ and mean spherical approximationlike ͑MSA͒ closure conditions for the two-density OrnsteinZernike ͑OZ͒ equation.
1,4 -6,10-16 An important characteristic feature of most models of associating fluids studied is that the geometry of the clusters formed in the system is well defined and their sizes are finite. In the limit of the infinitely strong sticky interaction this property allows one to treat the resulting system of associating particles as a nonassociating molecular system with the molecules formed by such clusters of monomeric units. Thus in this limit, the two-density integral equation theory of Wertheim can be viewed as a theory for site-site molecular fluids.
Concurrently considerable progress has been made in the application of the Chandler-Silbey-Ladanyi ͑CSL͒ integral equation theory [20] [21] [22] for the description of the number of different site-site models of the molecular fluids. This includes the numerical solutions of the PY-like, MSA-like, and hypernetted-chain-like ͑HNC͒ closures [22] [23] [24] [25] [26] [27] [28] as well as more recently obtained analytical solutions of the PY-like approximation for the system of symmetric n-atomic tangent hardsphere molecular models. 29 Both integral equation theories and their approximate closure conditions are based on exact diagrammatic analyses. In particular, PY-like, HNC-like, and MSA-like 17, 5, [20] [21] [22] [23] [24] closure conditions where derived using the same arguments as those utilized in the more familiar integral equation theory for simple fluids. Therefore, it is reasonable to expect that both theories are equivalent in their description of the sitesite molecular systems. This was pointed out earlier, 13, 16, 18 with the explicit proof qiven only for dimers. Another strong evidence of such an equivalency can be drawn from the comparison of the expressions for the Baxter q function for the fluid of homonuclear hard-sphere diatomics obtained by Wertheim 1 and reproduced more recently by Lue and Blankschtein 29 using the PY-like closure conditions. In this study we present the detailed proof that both integral equation theories and their approximate closure conditions are equivalent and CSL formalism is the complete association limit of the more general two-density formalism developed by Wertheim. 3, 17, 18 With this goal in mind, let us consider the n-component associating fluid, which in the limit of complete association reduces to the one-component molecular n-atomic fluid with the molecules represented by n monomeric units of n different species bonded at a distance L ␣␤ apart. Here, ␣ and ␤ denote the species of the particles and take the values ␣,␤ ϭ1,2,...,n. This goal can be achieved by assuming that an associative interaction represented by a sticky potential operates only between monomers of the different species at a distance L ␣␤ and that the densities of all n species ␣ are equal, i.e., ␣ ϭ. In addition, we assume that the sticky interaction for any pair of particles of species ␣ and ␤ ͑␣ ␤͒ saturates at the dimer level. The latter assumption means that the clusters composed of two or more particles of the same species will be not formed in the system.
The two-density version of the OZ equation for this model can be written in the following form:
where ĉ ␣␤ (k), ĥ ␣␤ (k), and ␣ are the matrices defined as follows: 
␣␤ ͑r͒t 10 ␣␤ ͑r͔͒exp͓Ϫ␤U ␣␤ ͑non͒ ͑ r ͒ ϩt 00
which is used to generate the approximate closure conditions, and by the relation between the densities 3,17
In Eqs. ͑3͒ and ͑4͒ U ␣␤ ͑non͒ (r) is the nonassociating part of the total potential, which does not include the sticky interaction, 
where e ␣␤ ͑non͒ (r)y 00 ␣␤ (r)ϭg 00 ␣␤ (r)ϭh 00 ␣␤ (r)ϩ1 and K 0 ␣␤ is the parameter of the sticky interaction. The corresponding diagrams for the case of a system associating into triatomics ͑nϭ3͒ are shown in Fig. 1 .
By using relation ͑3͒ the total and direct correlation functions can be presented in the form
where ⌬ ␣␤ (r)ϭ(1Ϫ␦ ␣␤ )͚ sϭ2 n G ␣␤ (s) (r). Multiplying both sides of the OZ equation ͑1͒ from the left and from the right by the matrix 
␣␤ ͑r͒T 10 ␣␤ ͑r͔͒ ϫexp͓Ϫ␤U ␣␤ ͑non͒ ͑ r ͒ϩT 00 ␣␤ ͑r͔͒. ͑10͒
In these expressions we have that where where H ␣␤ (r) is the regular part of the total correlation function without the direct contribution from the function ⌬ ␣␤ (r). Let us consider now the limit of complete association, i.e., K 0 ␣␤ →ϱ. Without loss of generality in what follows we shall assume that K 0 ␣␤ ϭK 0 . Due to the relation between the densities ͑4͒ in this limit, we have
͑15͒
Here, Y ␣ (n) and Y ␣␤ (n) (r)(K 0 )/(4L ␣␤ 2 )␦(rϪL ␣␤ ) represent the correspondent n-mer diagrams with all pairs of points connected by the bonds for associative interaction. Substituting this result into Eq. ͑4͒ and using the relation between the diagrams from G ␣␤ (n) (r) and G ␣ (n) , we have
͑16͒
Because of the symmetry of the diagram Y ␣ (n) and due to the fact that association occur only between the particles of different species, all the terms under the sum in Eq. ͑16͒ are equal. Thus for Ŝ i j ␣␤ (k) we have
This result allows us to identify the partial correlation functions H i j ␣␤ (r) and C i j ␣␤ (r) which are involved into the OZ equation ͑9͒ with the corresponding correlation functions introduced by the CSL formalism. [20] [21] [22] Using the notation of Rossky and Chiles 22 Thus in the limit of complete association the initial twodensity OZ equation ͑1͒ and exact relation ͑3͒ reduces to the CSL equation
and the relation
which can be used to generate the approximate closure relations of the CSL formalism. [20] [21] [22] Here, ĥ (k), ĉ(k) Ŝ (k), and are the matrices with the elements ĥ ␣␤ (k), ĉ ␣␤ (k)Ŝ ␣␤ (k) and ␣ ␦ ␣␤ which in turn are the matrices of the following form:
This completes our analysis carried out for the site-site molecular models with any number of sites and their geometrical arrangement and with an arbitrary type of the pair site-site potential. Extension of this analysis to the case of the multicomponent site-site molecular fluids is rather straightforward and therefore will not be discussed it here.
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